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2rst excited state and the ground state, (ii) the
rst excitation energy of
57
Fe is 14.4keV, which
is not too high compared with the temperature
in the center of the Sun ( 1:3 keV), and (iii)
57
Fe is one of the stable isotopes of iron, which is
exceptionally abundant among heavy elements in
the Sun. The natural abundance of
57
Fe is 2.2%.
If the axion exists, therefore, strong emission of
axions is expected from this nuclide.
These monochromatic axions would excite the
same kind of nuclide in a laboratory because the
axions are Doppler broadened due to thermal mo-
tion of the axion emitter in the Sun, and thus
some axions have energy suitable to excite the nu-
clide. Fig. 1 shows the principle of the proposed
experiment.
I propose to search for the axions by detect-
ing this excitation. Since both the emission
and absorption occurs via the axion-nucleon cou-
pling but not via the axion-photon coupling, this
method is free from the uncertainty of the axion-
photon coupling. In addition, this method has
merits that there is no need to tune the detec-
tor to a mass of the axions and that the sensitive
mass region can be much higher than that of the
proposed experiment [8], in which it is restricted
by high pressure of buer gas.
3. Expected event rate
The event rate is calculated in Ref. [13]. Since
it depends on a parameter S which characterizes
the avor singlet coupling, which is not accurately
determined, it is plotted as a function of S in
Fig. 2. In the gure, the experimental values of S
obtained recently [15] are included. The most re-
cent experimental result gives S = 0:390:11 and
discussions in Ref. [16] indicate S  0:5. If the
true value of S is around 0.4 as suggested, the ex-





. Since there are both the up-
per bound and lower bound of the expected event
rate, experiments which have adequate sensitivity
will denitely determine whether the axion exists
with f
a
in the hadronic axion window.
4. Experimental method
We now turn to a discussion of experimental
realities. After the excitation of the nuclei by the
axion, there are two possible ways to relax. One is
the emission of a  ray with an energy of 14.4keV.
The other is the emission of an internal conversion
electron with an energy of 7.3keV and atmic radi-
ations. Since the attenuation length of the  ray
is 20m and the range of the electron is 0:2m in
iron, it is diÆcult to detect the  rays or electrons
outside the iron. In addition, detectors should
have low energy threshold, low background, and
high energy resolution. However, these diÆcul-
ties are possibly overcome by using a bolometric
technique with an absorber which contains
57
Fe-
enriched iron. The technique has much advan-
tages compared with other techniques in these
respects. It is generally accepted that a sensi-





with a bolometer for dark matter search. If we
can utilize this technique for the proposed exper-
iment, it is possible to obtain a denite result as
discussed above.
Recently, an experimental result based on this
proposal was reported. Krcmar et al. [17] used a
simple method to detect
57
Fe solar axions. They
put a thin disk made of
57
Fe in front of a sili-
con lithium detector. A disk of natural iron with
the same dimensions was used for background
measurement. In this situation, they can detect
only gamma rays which escape from the target.
Since this is very rare, the total eÆciency is ex-
tremely low. Their limit is that the axion mass is
smaller than 745 eV. Although this is far beyond
the hadronic axion window, I think this is a very
interesting result.
5. Summary
In summary, a new scheme to detect almost





Fe is rich in the
Sun and its rst excitation energy is low enough
to be excited thermally. Therefore, one can ex-
pect the nuclear deexcitation accompanied with
the axion emission. Because of the Doppler eect














Figure 1. Principle of the proposed experiment.
Sun, a small portion of the axions from the nu-
clide can be absorbed by the same kind of nuclide
in a laboratory. The nuclide is considered as a
high sensitive detector of the axions. The excita-





Although it is diÆcult to detect the excitation
outside the iron, it is detected eÆciently by a
bolometric technique with an absorber which con-
tains
57
Fe-enriched iron. I am planning an ex-
periment to search for the monochromatic axions
from the Sun in this new scheme.
Acknowledgements
I want to thank Dr. S. Chang for his kindness
and for discussion with him.
REFERENCES
1. R. D. Peccei and H. R. Quinn, Phys. Rev.
Lett. 38, 1440 (1977); Phys. Rev. D 16, 1791
(1977).
2. J. E. Kim, Phys. Rev. Lett. 43, 103 (1979);
M. A. Shifman, A. I. Vainshtein, and V. I. Za-
kharov, Nucl. Phys. B 166, 493 (1980).
3. M. Dine, W. Fischler, and M. Srednicki, Phys.
Lett. B 104, 199 (1981); A. R. Zhitnitski,
Yad. Fiz. 31, 497 (1980) [Sov. J. Nucl. Phys.
31, 260 (1980)].






























Figure 2. Bound for the excitation rate. Hatched
area is excluded by the argument of red-giants
evolution and SN1987A [14]. Also shown is the
experimental values of S that are measured re-
cently [15].
5. J. Hisano, K. Tobe, and T. Yanagida, Phys.
Rev. D 55 (1997) 411.
6. T. Moroi and H. Murayama, hep-ph/9804291.
7. P. Sikivie, Phys. Rev. Lett. 51, 1415 (1983);
E. A. Paschos and K. Zioutas, Phys. Lett. B
323, 367 (1994).
8. K. van Bibber et al., Phys. Rev. D 39, 2089
(1989); F. Hoogeveen and R. G. Stuart, Phys.
Lett. B 286, 165 (1992).
9. S. Moriyama, M. Minowa, T. Namba, Y. In-
oue, Y. Takasu, and A. Yamamoto,RESCEU-
23/98, hep-ex/9805026, submitted to Phys.
Lett. B; M. Minowa, these proceedings.
10. F. T. Avignone III et al., astro-ph/9708008,
submitted to Phys. Lett. B, and these pro-
ceedings.
11. D. M. Lazarus et al., Phys. Rev. Lett. 69
(1992) 2333.
12. M. T. Ressell, Phys. Rev. D 44, 3001 (1991).
13. S. Moriyama, Phys. Rev. Lett. 75 (1995)
3222.
14. W. C. Haxton and K. Y. Lee, Phys. Rev. Lett.
466, 2557 (1991).
15. E142 Collaboration, P. L. Anthony et al.,
Phys. Rev. D 54, 6620 (1996); E143 Col-
laboration, K. Abe et al., Phys. Rev. Lett.
75, 25 (1995); E143 Collaboration, K. Abe
et al., Phys. Rev. Lett. 74, 346 (1995); Spin
Muon Collaboration, D. Adams et al., Phys.
Lett. B 329, 399 (1994); E142 Collaboration,
P. L. Anthony et al., Phys. Rev. Lett. 71, 959
(1993); Spin Muon Collaboration, B. Adeva
et al., Phys. Lett. B 302, 533 (1993).
16. Spin Muon Collaboration, D. Adams et al.,
Phys. Rev. D 56, 5330 (1997); G. Altarelli,
R. D. Ball, S. Forte, and G. Ridol, Nucl.
Phys. B 496, 337 (1997).
17. M. Krcmar et al., IRB-ZEF-98/01, nucl-
ex/9801005.
